Background: Cesarean delivery has increased significantly during the last decades. This study aimed to investigate the association between planned mode of delivery and method of feeding.
Introduction
Cesarean delivery has become an important public health concern worldwide due to its dramatic increase in the last two decades [1, 2] . For example, cesarean delivery rate in the United States increased from 20.7% in 1996 to 30.2% in 2005 [3] , while in southeast China it increased from 22% in 1994 to 56% in 2006 [4] . Several studies suggested that the increased use of cesarean delivery on maternal request (CDMR) is one of the main reasons for the steep increase in cesarean delivery rate in China [4] [5] [6] .
Breastfeeding is considered the ideal way to provide nutrition to infants [7] , and can significantly reduce infant morbidity [8] . Therefore, the World Health Organization (WHO) recommends exclusive breastfeeding for at least 6 months [9, 10] . It has been well established that women who undergo cesarean delivery are less likely to initiate breastfeeding and exclusively breastfeed their baby compared to those who have a vaginal delivery [11] [12] [13] [14] [15] [16] [17] . However, this finding should be interpreted with caution as cesarean delivery is often associated with pregnancy complications, which may affect a woman's decision and ability to initiate breastfeeding. In women who do not have such pregnancy complications, does cesarean delivery affect breastfeeding? In our study, we aimed to investigate the association between mode of delivery and method of newborn feeding in a low-risk Chinese population by comparing planned cesarean delivery on maternal request and planned vaginal delivery.
Methods
The current study is a secondary analysis of data collected by the Perinatal Health Care Surveillance System (PHCSS) from 1993-2006 in 27 study sites in China. The PHCSS was established by the Institute of Reproductive and Child Health (IRCH) at Peking University Health Science Center as an essential component of a population-based China-U.S. Collaborative Project for Neural Tube Defect Prevention [18] . Details of the PHCSS have been described elsewhere [4, 19] . Between 1993 and 2000, every woman in the study sites was given a booklet with a unique identification number. All demographics, medical and reproductive history, prenatal care of the current pregnancy, complications, delivery summary, and maternal and infant health status at each prenatal and postpartum visit were recorded in the booklet by the local health care providers. The booklet was collected and the information was entered into a database after the postpartum period. In 2000, an electronic record system was introduced to some sites to replace the hard copy booklet to facilitate data collection. Data collected in the study sites were sent to the IRCH for data cleaning. After data cleaning, enquiries for missing and erroneous data were sent back to hospitals for ascertainment.
Study Population
From 1993 to June 2006, 1,920,343 women were registered in the PHCSS from the 27 study sites. A cohort was created retrospectively according to the possible pathways of planned CDMR and planned VD as shown in Figure 1 . In this retrospective cohort, planned CDMR was defined as the exposure, while women who planned VD were classified as the reference. Planned mode of delivery was inferred from two key delivery variables in the PHCSS: mode of delivery and indications for cesarean delivery. The first variable was listed as spontaneous vaginal, assisted breech, breech extraction, vacuum, forceps, cesarean delivery before the onset of labor, cesarean delivery after the onset of labor, and other, while the second one included fetal distress, cephalopelvic disproportion, breech/transverse presentation, maternal complications, woman's request, previous cesarean section, and other. The indications for cesarean delivery were selected as they were frequently cited in clinical practice in China and the ''other'' category included rare reasons such as congenital anomalies. Both of mode of delivery and indications for cesarean delivery were collected by midwives after each woman's delivery. Besides the two key variables, several other variables were used to define planned CDMR and planned VD (Table 1) .
Due to the one-child family policy in China, most families (85.5%) had only one child during the study period. In addition, previous mode of delivery can affect women's delivery choice. Therefore, the study population was restricted to primiparae. From January to September 1993, women in the PHCSS used an old version of the perinatal booklet in which indications for cesarean delivery were not available. Therefore, women who used this perinatal booklet were excluded from the study. Women recruited after 2000 by the electronic record system were also excluded, because the percentage of women with missing information on method of feeding was very high. Further, women with multiple gestations, women whose pregnancy outcomes were either fetal death or stillbirth, women whose babies were either preterm or post-mature, women with indications for cesarean delivery, women who did not satisfy the definition of either planned CDMR or planned VD, and women with missing information on method of feeding were also excluded. Figure 2 shows the details of the sample selection process. Finally there were 431,704 women in the cohort for analysis, including 22 
Study Variables
The main outcome of interest in the current study was method of feeding. During the postpartum examination before hospital discharge, health care providers asked mothers to recall their feeding behavior on that day and recorded the information. There were three categories of feeding: ''exclusive breastfeeding'', ''mixed feeding'', and ''formula feeding''. The definitions of the three categories in this study are as follows:
Exclusive breastfeeding. Breastfeeding without any other food, liquid or water;
Mixed feeding. Breastfeeding with other food, liquid or water, with breast milk accounting for 20% or more of a baby's total daily food intake; Formula feeding. No Breastfeeding, or breastfeeding with other food, liquid or water, with breast milk accounting for less than 20% of a baby's total daily food intake.
These categories were combined to create two dichotomous outcome variables:
Exclusive breastfeeding. Exclusive breastfeeding or not exclusive breastfeeding;
Formula feeding. Formula feeding or not formula feeding. Based on previous literature and data availability in the PHCSS, the following variables were identified as covariates: maternal age at delivery, gestation, maternal body mass index (BMI) at first prenatal visit (,18.5, 18.5-22.9, 23-27.4, and $27.5 kg/m 2 ), birthweight (,2500, 2500-2999, 3000-3499, 3500-3999, and $4000 g), year of delivery (1994-1996, 1997-1998, and 1999-2000) , site of delivery (north/south), location of residence (urban/ rural), occupation (farmer, local enterprise worker, worker, professional, business, and other), educational level (attended primary school or less, middle school, high school, and college or above), delivery hospital level (city/provincial, county, township, and other), infant sex (male/female), and mother's hospital stay before discharge (#3, 4-7, and .7days). BMI and birthweight were recoded into categorical variables in the analysis for two reasons. First, the power of the analysis was increased by recoding the missing values of these variables as one category rather than excluding them from the analysis. Second, it was suspected that the association between these variables and breastfeeding may not be linear. Sensitivity analysis was carried out using continuous variables. The results remained the same.
Statistical Analysis
Analysis of variance (ANOVA) and chi-square tests were used to explore the differences in demographic variables between the planned VD and planned CDMR groups, for continuous and categorical variables respectively. Means and standard deviations (SD) for continuous variables, as well as numbers (N) and percentages (%) for categorical variables were presented. Logistic regression models were then used to examine the associations between planned mode of delivery and exclusive breastfeeding, and between planned mode of delivery and formula feeding. These were then repeated with covariates included in the models. Crude odds ratios (OR) and odds ratios adjusted for all covariates were reported in this study. Sensitivity analysis was carried out to explore the associations between planned mode of delivery and method of feeding stratified by site of delivery and location of residence. The results for actual route of delivery were also reported to explore the mechanism for the relationship between delivery and breastfeeding. All analyses were performed using SPSS version 11.5 (SPSS Inc.). All P values presented are two tailed, and a P value of ,0.05 was considered statistically significant. Written informed consent was received from all participants in the PHCSS. The current study using de-identified registry data was approved by the ethics committee at the Peking University Health Science Centre.
Results
Overall, there were 22,462 (5.2%) women who planned CDMR. Table 2 shows the maternal and infant demographics according to planned mode of delivery. In the present cohort, 398,176 (92.2%) women exclusively breastfed their baby, 28,798 (6.7%) women chose mixed feeding, and 4,730 (1.1%) women chose formula feeding before hospital discharge. Women with planned CDMR had a higher formula feeding rate (2.1%) and a lower exclusive breastfeeding rate (89.7%) than women with planned VD (1.0% and 92.4% respectively). All maternal and infant demographics were found to be significantly different between the two groups ( Table 2 ).
In the analysis for the outcome of exclusive breastfeeding, the crude OR for planned CDMR compared to planned VD was 0.72 (95% CI: 0.69-0.75) ( Table 3 ). After adjusting for maternal age at delivery, BMI, gestation, infant birthweight, delivery year, site of delivery, location of residence, occupation, educational level, delivery hospital level, infant sex, and mother's hospital stay before discharge, the OR became 0.85 (95% CI: 0.81-0.89). In subgroup analyses, the ORs for planned CDMR compared to planned VD in the adjusted model were 0.87 (95% CI: 0.77-0.98) in the north and 0.84 (95% CI: 0.80-0.89) in the south. Compared to women who planned VD, those who planned CDMR were 7% (95% CI: 0.85-0.98) less likely to exclusively breastfeed their babies in the urban area and 20% (95% CI: 0.75-0.86) less likely in the rural area (Table 3) .
For the outcome variable of formula feeding, the crude OR and adjusted OR for planned CDMR compared to planned VD were 2.08 (95% CI: 1.89-2.29) and 1.61 (95% CI: 1.45-1.79) ( Table 3) . In the north, the ORs in the crude and adjusted models were 4.20 (95% CI: 3.41-5.17) and 2.02 (95% CI: 1.61-2.54) respectively, and in the south 1.79 (95% CI: 1.60-1.99) and 1.52 (95% CI: 1.35-1.71) respectively. Women who planned CDMR were 63% (95% CI: 1.41-1.89) more likely to formula feed their babies than those who planned VD in the urban area and 55% (95% CI: 1.33-1.80) in the rural area (Table 3) . Table 4 shows the association between actual route of delivery and method of breastfeeding. Compared to spontaneous vaginal delivery, the ORs and 95% CIs of exclusive breastfeeding in the fully adjusted model for unlabored CDMR, labored CDMR, labored cesarean delivery and assisted vaginal delivery were 0.81 
Discussion
In this retrospective cohort study, it was found that women with planned CDMR were less likely to breastfeed and more likely to formula feed their babies before hospital discharge compared to those with planned VD. After adjusting for covariates, the odds ratios were 0.85 (95% CI: 0.81-0.89) for exclusive breastfeeding and 1.61 (95% CI: 1.45-1.79) for formula feeding.
The exclusive breastfeeding rate before hospital discharge was 92.2% in the current study, which is similar to previous studies in China [20] . In 2009, Xu et al. systematically reviewed breastfeeding in China and reported that the exclusive breastfeeding rate at hospital discharge ranged from 76.1% to 97.3% across the country [20] . In that review, the study periods of the studies included in the review ranged from 1994 to 2004, which is consistent with the current study.
It is believed that there are two biological mechanisms of the association between mode of delivery and breastfeeding. The first is associated with surgery, for example, long duration of separation of mother and the newborn due to complications of the surgery, such as pain, hemorrhage, and infections [21] . The other biological mechanism is related to labor via a hormone called prolactin. Prolactin plays an important role in the process of lactogenesis [22] [23] [24] . Wang et al. found that the postpartum serum prolactin level was lower in the elective unlabored cesarean delivery group than in the vaginal delivery group. These two biological mechanisms could probably explain the association between actual route of delivery and rate of breastfeeding in the current study in which unlabored CDMR women had the highest risk of formula feeding before hospital discharge, followed by labored CDMR, labored cesarean delivery, and assisted vaginal delivery. Women who underwent spontaneous vaginal delivery were at the lowest risk (Table 4) . Results from several previous studies also support the two mechanisms [25, 26] . For example, Zanardo et al. reported that unlabored cesarean delivery was associated with a decreased rate of breastfeeding initiation at discharge compared to emergency labored cesarean delivery and vaginal delivery [26] . Liston et al. found that women with unlabored cesarean delivery were 26% less likely to breastfeed their babies at discharge than those with assisted vaginal delivery, while women with labored cesarean delivery were only 7% less likely to breastfeed at discharge [25] . It is possible that the association between planned mode of delivery and breastfeeding can simply be explained by the correlation of maternal intentions to delivery and feeding, which means women who choose vaginal delivery are simply more likely to choose breastfeeding compared to those who planned cesarean delivery. However, this is not the case in our study. Women who chose the same delivery method can have significantly different breastfeeding rate. For example, among women who planned to deliver vaginally, those ended with cesarean delivery are 10% less likely to breastfeed their babies than those ended with vaginal delivery (Table 4) . On the other hand, women who planned different delivery methods can have a similar breastfeeding rate in our study (Table 4) .
Several studies have found that cesarean delivery is a barrier for breastfeeding [11] [12] [13] [14] [15] [16] [17] , which is consistent with the current study results in a low-risk Chinese population. However, all previous studies used actual route of delivery as the measurement of exposure, while in the current study we analyzed the effects of delivery on breastfeeding by planned mode of delivery. Although the biological mechanism underlying the association between planned mode of delivery and method of feeding is through actual route of delivery, the association with planned mode of delivery provides more concrete evidence to inform the decision making of women or health care practitioners during pregnancy regarding mode of delivery [1] , since it highlights the risks of possible ending delivery modes at the time of decision making.
The increasing trend of CDMR was also observed in other countries [27, 28] . However, the impacts of CDMR on children and mothers' health are still largely unknown. In the current study, we found that the CDMR can impede breastfeeding. This information should be taken into account in clinical practice when counseling women about the mode of delivery, especially those without medical indications for cesarean delivery.
The present study has several advantages. First of all, this retrospective cohort study was based on prospectively collected Table 3 . Logistic regression models for the association between planned mode of delivery and method of feeding a . Table 4 . Logistic regression models for the association between actual route of delivery and method of breastfeeding a . data in the population-based PHCSS with large sample size and comprehensive coverage in the study sites. Potential confounders were well documented and comprehensively adjusted in the analysis. Secondly, the selection criteria for the cohort were strict to exclude the effects of potential biological confounders, which are hard to measure and control. In addition, the mode of delivery was identified based on the delivery records in the PHCSS and thus was more accurate than that collected by questionnaire in some of the previous studies. Finally, maternal request was listed as one of the indications for cesarean delivery, providing a unique chance to study the effects of CDMR in a low-risk population. Nonetheless, the study has several limitations. First, indications for cesarean delivery were recorded by midwives, and have not been independently verified [4] . However, the cesarean delivery rate for breech presentation remained unchanged over the study period and was well within the normal range, indicating the reliability of the data [4] . Second, since the study population was restricted to singleton primiparous women, the findings may be not applicable to multiparous women or women with multiple births. In addition, since the cohort was retrospectively created according to the actual route of delivery, women who planned a cesarean delivery but labored and had a vaginal delivery cannot be distinguished from those who planned and had a vaginal delivery. These women were therefore included in the planned VD group. However, the number of these misclassified women is relatively small compared to the whole cohort and thus the misclassification is unlikely to affect the results. Finally, detailed information about breastfeeding after hospital discharge was not available in the PHCSS, thus the association between planned mode of delivery and long-term feeding methods could not be analyzed. However, the method of feeding before hospital discharge is very important and can affect breastfeeding durations in later life [26] .
In conclusion, planned CDMR was associated with a lower rate of breastfeeding. This information is important when physicians are counseling women who are considering CDMR. In addition, clinical practitioners should provide more prenatal and postpartum support for women planning CDMR to initiate and continue breastfeeding than for those considering vaginal delivery. Future studies on the long-term impacts of CDMR on children and mothers' health are needed.
